is the principal hematopoietic cytokine that regulates mammalian erythropoiesis by binding to its transmembrane receptor EpoR. Recent experimental evidence suggests that the biologic effects of EPO are not limited to the regulation of erythropoiesis. In studies focusing on nonhematopoietic effects of EpoR signaling, we found high levels of EpoR protein expression in human breast cancer cells. The purpose of the present study was to evaluate clinical breast cancer specimens for EPO and EpoR expression, characterize the relationship between EPO expression and tumor hypoxia in biopsies prelabeled with hypoxia marker pimonidazole, analyze breast cancer cell lines for EpoR expression, and study the functional significance of EpoR expression in breast cancer cells in vivo. Immunohistochemical analysis for EPO, EpoR expression, and pimonidazole adducts was performed on 26 tumor biopsies with contiguous sections from 10 patients with breast cancer. High levels of EpoR expression were found in cancer cells in 90% of tumors. EPO expression was found in 60% of tumors and EPO and EpoR colocalization in tumor cells was present in many cases. The expression pattern of EPO with respect to tumor hypoxia was variable, without consistent colocalization of EPO and hypoxia in tumor cells. Human and rat breast cancer tissue culture cells express EpoR mRNA and protein. To study the in vivo function of EpoR expression in breast cancer cells, we used rat syngeneic R3230Ac mammary adenocarcinoma cells in a tumor Z-chamber model (dual porous plexiglass chambers containing fibrin gel, cancer cells, and a putative anti-tumor compound implanted into the subcutaneous tissue of rats). Local, one-time administration of a neutralizing anti-EPO antibody, soluble EPO receptor, or an inhibitor of Jak2, a cytoplasmic tyrosine kinase essential for EPO-mediated mitogenesis, resulted in a delay in tumor growth with 45% reduction in maximal tumor depth in tumor Z-chambers in a dose-dependent manner. These studies demonstrate the expression of functional receptors for EPO in breast cancer cells. (Lab Invest 2002, 82:911-918).
rythropoietin (EPO) is a glycoprotein hormone that is essential for the proliferation, viability, and terminal differentiation of erythroid progenitor cells (Krantz, 1991; Lin et al, 1996; Wu et al, 1995) . The biologic effects of EPO are mediated by its interaction with its specific transmembrane receptor, EpoR, expressed on the surface of erythroid progenitor cells (D'Andrea et al, 1989; Lodish et al, 1995; Youssoufian et al, 1993) . EpoR is a member of the type I cytokine receptor family, characterized by a lack of intrinsic tyrosine kinase activity (Bazan, 1990; D'Andrea et al, 1990; Klingmüller, 1997; Wojchowski et al, 1999) . The binding of EPO to its cognate receptor results in a ligand-induced conformational change of receptor dimers that allows the tyrosine phosphorylation of Jak2 (Livnah et al, 1999; Remy et al, 1999; Witthuhn et al, 1993) , a receptor-associated cytoplasmic tyrosine kinase that is essential for EpoR-mediated mitogenesis and prevention of apoptosis (Zhuang et al, 1995; Zhuang et al, 1994) .
Expression of functional receptors for EPO has been reported in several nonhematopoietic cell types, including vascular endothelial cells (Anagnostou et al, 1994) , neuronal cells (Masuda et al, 1993) , myoblasts (Ogilvie et al, 2000) , and kidney (Westenfelder et al, 1999) . Recent studies have provided evidence for nonhematopoietic functions for EpoR signaling. For instance, inactivation of EPO or EpoR function in mice by targeted gene disruption was associated with defects in cardiac morphogenesis and abnormalities in the vascular network (Wu et al, 1999) . In myoblasts, functional EpoR signaling was associated with proliferation and decreased terminal differentiation to form myotubules (Ogilvie et al, 2000) . In brain, expression of EPO receptors in neurons has been shown to confer an EPO-mediated neuroprotective effect during glutamate or ischemia-induced injury in vivo (Brines et al, 2000; Digicaylioglu and Lipton, 2001; Morishita et al, 1997; Sakanaka et al, 1998) .
EPO is normally produced in the fetal liver and adult kidney, where hypoxia is the major stimulus for EPO expression (Bunn and Poyton, 1996; Lacombe and Mayeux, 1998) . More recently, estrogen-dependent EPO production was demonstrated in the female reproductive tract, specifically in the uterus (Yasuda et al, 1998) and oviduct (Masuda et al, 2000) . Another study reported EPO expression in lactating breast (Juul et al, 2000) . In our studies investigating nonhematopoietic functions of EpoR signaling, we asked whether breast cancer cells express EPO protein. We carried out immunohistochemical analysis of primary breast cancer specimens and found high levels of EPO expression in cancer cells in 60% of tumor biopsies. Surprisingly, EpoR protein expression was observed not only in tumor vessels, but also in tumor cells in 90% of biopsies. In further studies, we evaluated the pattern of EPO expression with respect to cellular hypoxia in tumor cells, studied monolayer cultures of breast cancer cell lines for EpoR expression, and investigated the functional significance of EpoR expression in breast cancer cells in an in vivo model.
Results

Expression of EPO and EpoR in Clinical Breast Cancer Specimens
We studied a total of 26 biopsies from 10 primary breast cancer clinical specimens by immunohistochemical analysis. Multiple biopsies were obtained from each quadrant of the tumors and contiguous tissue sections were evaluated for EPO, EpoR expression, and the presence of immunoreactivity for pimonidazole adducts as a marker for cellular hypoxia (Raleigh et al, 1998) . Figure 1 illustrates representative photomicrographs of immunostaining results. Of 10 primary tumors, only one showed no EpoR immunoreactivity in three separate biopsies. Strong EpoR immunoreactivity in tumor cells was present in 21 of 26 biopsies (Fig. 1, A, D , and F). EpoR expression was also detected in endothelial cells lining tumor vessels and, notably, lack of EpoR immunoreactivity was observed in surrounding normal mammary ducts (data Arcasoy et al not shown). EPO expression was observed in 6 of the 10 primary tumor specimens and in 13 of 26 tumor biopsies (Fig. 1B) . EPO immunoreactivity was not observed in the normal ducts adjacent to the breast cancer cells (data not shown). Examination of contiguous sections in each case allowed the determination of colocalization of EPO and EpoR immunoreactivity. In tumor cells, EpoR expression colocalized with EPO immunoreactivity in 92% of the 13 biopsies that were strongly positive for EPO expression (compare Fig. 1,  A and B) . Colocalization of EPO expression was not observed in 8 biopsies with EpoR immunoreactivity (compare Fig. 1, D and E) . A summary of results of immunostaining of the 26 breast cancer biopsies is illustrated in Table 1 . The data set illustrates positive immunoreactivity for EPO, EpoR, and pimonidazole adducts (hypoxia) and colocalization of expression in contuguous tissue sections.
EPO Expression and Tumor Hypoxia
The principal site of EPO production in adults is the kidney where EPO gene expression is stimulated by hypoxia (Lacombe and Mayeux, 1998) . In the next set of experiments, we wished to determine whether EPO expression in breast cancer cells correlated with the presence of tumor hypoxia. Labeling of tumor hypoxia by pimonidazole hydrochloride administration to the patients was carried out as described previously (Raleigh et al, 1998) . Contiguous tissue sections from the same tumor biopsies were immunostained for EPO, EpoR, and pimonidazole adducts as an immunohistochemical marker for cellular hypoxia. Positive immunoreactivity for pimonidazole adducts in tumor cells was present in 16 of 26 biopsies (Table 1) . A representative photomicrograph demonstrating a region of hypoxic tumor cells is illustrated in Figure 1C . As summarized in Table 1 , colocalization of EPO expression in hypoxic tumor regions in contiguous sections was present in 7 of the 16 (44%) tumor biopsies in which cellular hypoxia was detected (compare Fig. 1 , B and C). The presence or absence of hypoxia in tumor cells did not necessarily translate into a distinct expression pattern for EPO. For instance, our data shows lack of EPO colocalization in contiguous sections in 9 of 16 tumors with cellular hypoxia (Table 1) . Despite a small sample number, these findings suggest an inconsistent relationship between cellular hypoxia and EPO expression in breast tumors and possibly indicates the presence of other factors that regulate EPO expression in breast cancer cells.
EPO Receptor Expression in Human Breast Cancer Cell Lines
We then investigated for EpoR expression in human breast cancer tissue culture cell lines that may be used to generate models for studies of the function of EpoR signaling in breast cancer. The expression of EpoR mRNA transcripts and protein in breast cancer cell lines was examined. As illustrated in Figure 2 , we performed RT-PCR using three different oligonucleotide primer sets specific for EpoR ( Fig. 2A) . Figure 2B illustrates the presence of specific EpoR mRNA fragments using two different oligonucleotide primer sets in mammary carcinoma MCF-7, MDA-MB231, and SK-BR3 cells as well as a primary breast carcinoma RNA specimen (Lanes 1, 3, 5, and 7, respectively) . No PCR amplification products were observed in negative control samples for each PCR reaction without RT (Lanes 2, 4, 6, and 8), as well as water negative control (Lane 9). Figure 2C demonstrates the presence of 1.6-kb EpoR mRNA transcript in MCF-7 cells containing the entire coding region (Lane 1). The PCR products were subcloned and sequenced, confirming the presence of EpoR cDNA sequences. We then investigated for EpoR protein expression in human breast cancer cell lines by immunoprecipitation using polyclonal anti-human EpoR antibody followed by Western analysis and immunoblotting. Figure 2D illustrates results of a representative Western blot demonstrating the presence of 66-kd EpoR reactivity in EpoR immunoprecipitates of MDA-MB231 and MCF-7 cells (Lanes 1 and 2, respectively), comparable to the positive control sample (Lane 4) from myeloid 32D cells transfected with EpoR expression vector (Arcasoy et al, 1997) . No EpoR protein was detected in immunoprecipitates of negative control cell lysates (Lane 3). In other experiments, we also confirmed the cell-surface expression of EpoR using biotinylated EPO and flow cytometry in MCF-7 and MDA-MB231 cells (not shown).
Inhibition of Tumor Growth by EPO-EpoR Antagonists In Vivo
In the next set of experiments, we investigated the functional significance of EpoR expression in breast cancer cells with respect to tumor growth. We used rat syngeneic R3230Ac mammary adenocarcinoma cell line in a tumor Z-chamber (T-ZC) model (Fig. 1G) , described in detail in "Materials and Methods." Briefly, in this model, the cancer cells are suspended in a solution of fibrinogen, injected into T-ZCs along with thrombin and putative anti-tumor compounds, implanted into the subcutaneous tissue of rats, and harvested in 1 to 2 weeks. These dual-porous T-ZC containing fibrin gel allow the in-growth of vessels and development of tumor tissue that can be later quantified by assessment of depth of tumor tissue inside the T-ZC.
First we confirmed the expression of EpoR protein in rat R3230Ac mammary adenocarcinoma cells by anti-EpoR immunoprecipitation and immunoblotting (not shown). We then tested the in vivo anti-tumor activity of three different inhibitors of EPO-EpoR function: recombinant soluble EpoR (sEpoR), a neutralizing monoclonal anti-EPO antibody (MAB-287), and a specific inhibitor of Jak2 tyrosine kinase activity tyrphostin B42 (AG490) administered into the T-ZC (Bright et al, 1999; Meydan et al, 1996; Nielsen et al, 1997) . In a previous study of prolactin-induced Jak2 activation in breast cancer cells, AG490 was reported to inhibit proliferation of breast cancer cell lines in vitro (Yamauchi et al, 2000) . Negative control T-ZC included PBS or dimethyl sulfoxide (DMSO) alone and there was no difference in the depth of tumor tissue between the two different vehicles. Representative photomicrographs demonstrating histologic analysis of T-ZC are illustrated in Figure 1 , H and I. Quantitative analysis of maximum tumor depth was carried out for all treatment groups and expressed as the percentage of tumor depth compared with control group (100%). Figure 3 illustrates the summary of quantitative results of the in vivo experiments in which three different doses of each compound were tested and the tumor chambers were harvested on Day 7 after implantation. One-time, intrachamber administration of three increasing doses of sEpoR, ranging from 1.25 to 20 g/ml, resulted in a 25% to 45% reduction in tumor depth compared with controls in a dose-dependent manner (Fig. 3) . The treatment effect compared with controls was significant for the medium and highest doses (p ϭ 0.01 and p ϭ 0.001, respectively). Local administration into T-ZC of neutralizing anti-EPO antibody (MAB-287) ranging from 10 to 200 g/ml was also associated with delay in tumor growth in a dose-dependent fashion (Fig. 3) . The lowest concentration of anti-EPO antibody resulted in a 22% reduction of tumor depth compared with control (p ϭ 0.07), whereas in the presence of 100 and 200 g/ml of antibody, there was a significant 27% and 44% decrease in tumor depth compared with controls (p ϭ 0.02 and p ϭ 0.0003, respectively). As illustrated in Figure 3 , the administration of AG490 into T-ZCs also resulted in delay in tumor growth. Compared with controls, there was a significant 29% to 45% reduction in tumor depth at all three doses tested, ranging from 20 to 200 g/ml (p ϭ 0.01, p ϭ 0.03, and p ϭ 0.0006, respectively). Taken together, these results indicate that one-time, local administration of sEpoR, anti-EPO monoclonal antibody or AG490 results in a Inhibition of tumor growth by EPO-EpoR antagonists. Rat R3230Ac mammary adenocarcinoma cells were injected into tumor Z-chambers as described in "Materials and Methods." The chambers contained one-time doses each of recombinant sEpoR, MAB-287 anti-EPO neutralizing antibody, AG-490 Jak2 tyrosine kinase inhibitor, or vehicle (Control). Treatment groups are indicated on top of the chart and final concentrations of each compound are indicated on the x axis. At Day 7, the tumors in the Z-chambers were removed and H&E staining was performed. Quantitative analysis of maximal tumor depth was carried out in each treatment group and is expressed as a percentage of control, as indicated in the y axis. The data is expressed as mean Ϯ standard error of the mean. To determine significant effects of treatment, the mean of each treatment group was compared with control using the Students t test (two-tail) and p values for each comparison are indicated above each bar. * p Ͻ 0.05. NS, not significant.
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significant 45% reduction in tumor depth in the T-ZC model in a dose-dependent manner.
Discussion
We report the expression of functional receptors for EPO in breast cancer cells and that administration of EpoR signaling antagonists is associated with tumor growth inhibition in vivo. A series of recent studies have demonstrated that EPO has diverse biologic effects that are not limited to the regulation of erythropoiesis. Expression of EPO receptors in several nonhematopoietic cell types, such as vascular endothelial cells, has been associated with the discovery of novel physiologic effects of EPO in nonhematopoietic tissues. For instance, in the developing heart, EPO and EpoR function is required for normal cardiac morphogenesis (Wu et al, 1999) . In the female reproductive tract, a paracrine EPO-EpoR system has been implicated in estrogen-dependent cyclical uterine angiogenesis (Yasuda et al, 1998) . In the central nervous system, expression of EPO receptors in neurons and brain capillaries is associated with a neuroprotective effect for EPO during ischemia-induced injury in vivo (Brines et al, 2000; Digicaylioglu and Lipton, 2001 ). The findings of our studies suggest that functional, nonhematopoietic EpoR expression can also be associated with the presence of a disease process, in this case breast cancer.
In normal mammary ducts surrounding tumor tissue, we did not observe EPO protein expression by immunohistochemistry, although EPO expression has been reported in lactating breast (Juul et al, 2000) . To investigate for a possible relationship between tumor hypoxia and EPO immunoreactivity in tumor cells, we studied breast tumors labeled for tumor hypoxia by intravenous administration of pimonidazole hydrochloride to the patients, before tumor biopsies. Immunohistochemical analysis of contiguous tissue sections was carried out to detect colocalization of hypoxia and EPO expression in tumor cells. We did not find a consistent relationship between EPO expression and cellular hypoxia in our sample of tumors. Absence of colocalization of EPO and hypoxia immunoreactivity in a significant number of tumors is consistent with findings of an earlier study demonstrating lack of correlation between cellular hypoxia and expression of another hypoxia-inducible cytokine, vascular endothelial growth factor (Raleigh et al, 1998) . Our data suggest that factors other than hypoxia in tumor cells may contribute to EPO expression in breast cancer cells. Transcriptional up-regulation of EPO mRNA expression in an estrogen-dependent manner in the female reproductive tract in the uterus (Yasuda et al, 1998) and oviduct (Masuda et al, 2000) suggests that estrogen may play a role in EPO expression in breast cancer cells. Our sample size was too small to establish a meaningful correlation between estrogen receptor status and EPO expression in the tumor specimens, and further analysis of a larger series will be required.
In many primary breast tumors, there was coexpression of EPO and EpoR protein, suggesting the potential for the generation of an autocrine or paracrine growth stimulatory loop, resulting in activation of EPO receptors that are expressed in breast cancer cells. Indeed, the presence of such an autocrine growthpromoting EPO-EpoR loop has been suggested in bone marrow progenitor cells, which were shown to express endogenous EPO (Sato et al, 2000; Stopka et al, 1998) . In breast cancer cells that express prolactin receptor, another member of the type I cytokine receptor superfamily, autocrine secretion of prolactin was associated with increased proliferation (Yamauchi et al, 2000) . A recent study by Acs et al (2001) reported EpoR expression in breast cancer and increased EPOinduced proliferation of breast cancer cell lines in vitro. Finally, expression of EPO and EpoR has been recently reported in renal carcinoma cells that also exhibited increased EPO-mediated proliferation (Westenfelder and Baranowski, 2000) . Our data presented here and the results of these previous studies suggest functional significance for EPO and EpoR expression in cancer cells with respect to cancer cell proliferation.
We investigated the effect of EPO-EpoR antagonists on in vivo tumor growth using the T-ZC model. This method allows both local and systemic administration of putative anti-tumor compounds to assess their effects on tumor growth and angiogenesis in a reproducible manner. We found significant anti-tumor activity of three different antagonists of EPO-EpoR function in this system in a dose-dependent manner. The delay in tumor growth with an observed 45% reduction in maximum tumor depth in T-ZCs is remarkable, considering only a one-time administration of the antagonists at the time of implantation of the cancer cells in the animals. Thus, our data suggest that inhibitors of EpoR signaling may exhibit significant anti-tumor activity in vivo. Consistent with our results in breast cancer, the findings of a recent study by Yasuda et al (2001) suggested a functional role for EpoR signaling in cancers originating from the uterus and ovary in a xenograft model. Taken together, we propose that further studies of the role of functional EPO receptor expression in cancer cells may provide new insights into our understanding of cancer biology.
Materials and Methods
Labeling of Tumor Hypoxia and Immunohistochemistry
All human breast cancer specimens were obtained under a protocol approved by The Institutional Review Board at University of North Carolina Hospitals at Chapel Hill. Labeling of tumor hypoxia by intravenous pimonidazole hydrochloride administration to the patients was carried out as described previously (Raleigh et al, 1998) and multiple biopsies were obtained from distinct areas of primary breast tumors of each patient 24 hours after pimonidazole infusion. Fresh tissue was immediately placed in cold, 10% neutral buffered formalin and then processed into paraffin blocks. Before immunostaining, 4-m sections from each block were placed on glass slides. A total of 26 biopsies from 10 primary breast cancer clinical specimens were studied and contiguous sections from two to three biopsy sites from each patient tumor were evaluated for EPO, EpoR expression, and the presence of pimonidazole adducts. Immunostaining for pimonidazole adducts using mouse monoclonal antisera (1:10,0) was carried out as described previously (Raleigh et al, 1998) . Polyclonal, affinity purified, rabbit anti-human EPO receptor antibody (C-20) and polyclonal rabbit anti-EPO antibody (H-162) were from Santa Cruz Biotechnologies (Santa Cruz, California) and monoclonal anti-human EpoR antibody mh2er16.5.1 was generously provided by Genetics Institute (Cambridge, Massachusetts). The anti-EPO antibody and both anti-EpoR antibodies have been validated previously (Anagnostou et al, 1994; Brines et al, 2000; Fairchild Benyo and Conrad, 1999; Juul et al, 1998) and immunohistochemistry was carried out as described (Haroon et al, 2000) . Briefly, anti-EpoR C-20 (1:50), anti-EpoR mh2er 16.5.1 (1:50), and anti-EPO (1:50) antibodies were hybridized overnight at 4°C, followed by a series of incubations with secondary antibodies. Negative controls for the immunohistochemistry were treated with mouse or rabbit IgG instead of primary antibody and were negative in any reactivity.
Tissue Culture, RNA, and Protein Analyses MCF-7, MDA-MB-231, and SK-BR3 human breast cancer cell lines were grown in DMEM with 10% FCS and 1% penicillin-streptomycin (Life Technologies, Grand Island, New York). Total RNA from breast cancer cell lines was extracted using Qiagen RNAeasy kit (Qiagen, Studio City, California) according to the manufacturer's protocol. Total RNA isolated from a primary human breast carcinoma sample was purchased from Clontech (Palo Alto, California). All RNA samples were treated with DNase I (Life Technologies) before reverse transcription (RT) for cDNA synthesis, which was performed using oligo-dT priming and Superscript II according to manufacturer's protocol (Life Technologies). PCR amplification for EpoR was performed as described (Arcasoy et al, 1997) , except the total number of amplification cycles was 40 and the extension step was 2 minutes for amplification of exons 1 through 8 of the entire EpoR coding region ( Fig. 2A, Pcr3) . Figure 2A illustrates the sizes and relative positions of expected PCR amplification products using three oligonucleotide primer pairs Pcr1, Pcr2, and Pcr3. The sense EpoR primers 5'33'were: Exon 1: GCTGTATCATGGACCACCTC; Exon 5:GTG-GAGATCCTGGAGGGCCG; and Exon 6: GCTGCTCTC-CCACCGCCGGGCTCT. The antisense primers 5'33' were all in exon 8: Pcr1: GCCAGAGTCAGATACCA-CAAG; Pcr2: GTCATATTGGATCCCTGATC; and Pcr3: CTGAGAGAGGCCTCGCCAT. Amplification products were separated in 1% agarose gels and Southern blotting was performed according to standard protocols followed by hybridization to radioactively labeled 1.8-kb full-length human EpoR cDNA probe. The PCR products were subcloned into pCR4-TOPO vector (Life Technologies) and analyzed by automated sequencing at Duke University Medical Center sequencing facility.
Immunoprecipitation and Immunoblotting
Cells were grown to confluence in 10-cm tissue culture plates and total cell lysates were prepared in ice-cold buffer containing 1% Triton-X-100, 150 mM NaCl, 10% glycerol, 20 mM Tris-HCl pH 7.4, 5 mM EDTA, 10 mM NaF with protease inhibitors 1 mM PMSF, 10 g/ml leupeptin, 10 g/ml pepstatin, 10 g/ml aprotinin, and 1 mM Na 3 VO 4 . Immunoprecipitation was performed with 1 g anti-EpoR antibody (C-20) as described (Arcasoy et al, 2001 ), proteins were separated by 7.5% SDS-PAGE, and immunoblotting was carried out with C-20 antibody (1:200) and donkey anti-rabbit secondary antibody from Pierce (1:20,000). The proteins were detected using an ECL kit from Amersham-Pharmacia and subsequently subjected to autoradiography. As positive control, cell lysates of 32D cells expressing EpoR were used for immunoprecipitation.
Animal Studies
All animal protocols were approved by the Duke Institutional Animal Care and Use Committee. Fisher 344 rats of an average weight of Ͼ150 grams were purchased from Charles River Laboratories. The rats were kept in temperature-controlled rooms on a 12-hour light-dark cycle with access to rodent chow and bottled tap water ad libitum. On the day of the experiments, the rats were anesthetized with intraperitoneal injections of sodium pentobarbital (40 mg/kg), the hair was removed using clippers, and the surface was surgically prepared. Two small midline skin incisions were made in the dorsal region approximately 4 cm apart. Fascia was blunt-dissected and small pockets were created on both sides along the midline incision to allow implantation of four T-ZCs per animal. T-ZCs are implanted in the subcutaneous tissue of rats and the incisions were closed with surgical clips and Neosporin applied to the surgical site. The T-ZC is a fibrin gel-based in vivo assay based on the concept developed by Dvorak et al (1987) . These chambers are constructed from customized plexiglass rings with internal diameter of 10 mm and have an access port drilled on the side (Fig. 1G) . The two open surfaces are covered by nylon mesh with 180 micron pore size (cat# NY8H04700; Millipore Corporation, Bedford, Massachusetts) glued to the rings. Fibrinogen (cat# 341578; Calbiochem, San Diego, California) is prepared in DMEM at a final concentration of 4 mg/ml and is converted to fibrin by addition of 8 l thrombin (100 U/ml; cat#605160; Calbiochem) into the chambers (Haroon et al, 2002) . These chambers allow the ingrowth of vessels, tumor histology closely resembles in situ conditions, and it has already been shown that early angiogenic response to human fibrinogen is very similar to rat fibrinogen in fibrin gel chambers (Rohr et al, 1992 ). In the T-ZC model, rat syngeneic R3230Ac mammary adenocarcinoma cells were suspended in fibrinogen solution (2.5 ϫ 10 6 cells/chamber) and 160 l of the solution containing the test compound was injected into each chamber along with thrombin through the port. In these experiments, recombinant human soluble EPO receptor (R and D Systems, Minneapolis, Minnesota) or neutralizing anti-EPO monoclonal antibody (MAB-287; R and D Systems) were reconstituted in PBS (cat#14190 -144, Life Technologies) and added to the chambers at the indicated final concentrations. Human sEpoR and neutralizing anti-EPO monoclonal antibody MAB-287 were capable of inhibiting murine EPO-mediated proliferation of hematopoietic cells expressing EpoR in vitro (unpublished data). Tyrphostin B42 (Calbiochem, AG 490) was reconstituted in DMSO immediately before administration into the T-ZC. Negative control groups consisted of T-ZCs with the addition of the same dilution of vehicle only (PBS or DMSO) and we found no difference in tumor growth among them. We performed these experiments in two sets. The controls were pooled for the final data set (22 of 24, 6 animals; and 16 of 16, 4 animals, for a total of 38, 10 animals) from two experiments. The number of treated T-ZCs were low dose (12 of 12, 3 animals), medium dose (14 of 16, 4 animals), and high dose (12 of 12, 3 animals). All T-ZCs were harvested at Day 7 post-implantation. The tumor tissues were cut out from the chambers and preserved in 10% formalin for paraffin embedding. Tumor tissue sections were used after processing for hematoxylin and eosin (H&E) staining and analysis of the maximum depth of tumor tissue inside the T-ZC to assess the degree of tumor growth. In this method treatment efficacy is assessed as percent growth from the controls thus the values are indicated as reduction from 100% (control). Two pathologists performed all measurements independently in a blinded fashion.
Statistical Analysis. GraphPad InStat version 3.00 software was used for all analyses. To determine significant effects of each treatment compared with controls, Students t test was performed in each experiment.
